Abstract. This paper uses a queuing model of multi-server system to offer optimal airport wheelchair service which minimizes the cost and offers service of high quality. It addresses the performance of airport wheelchair service associated with the waiting time of passengers who need the service. According to the related data, we can know the cost of wheelchair service in unit time C s and the loss of keeping passengers waiting for service in unit time C w . Basing on the related equations of queuing theory, we calculate the ratio between C s and C w and compare it with numerical interval in different number of the wheelchairs, thus we get the optimal number of wheelchair and the cost. We take the O'Hare International Airport as an example and calculate the optimal wheelchair passenger service. This model can be applied to airports of different shapes and sizes.
Introduction
For airports, offering good service to passengers in the air travel is extremely important [1] . However one of the frustrations with air travel is the need to fly through multiple airports, and each stop generally requires each traveler to change to a different airplane. This is inconvenient and difficult to people who are not able to walk such as disables and the elderly. They may need wheelchair service from the airport. Wheelchair passenger service(wps) is providing a wheelchair and an escort to those people who ask for help. It is generally known well in advance which passengers require help. But in rare instances the airport may not receive notice until the passenger lands. On this issue, the cost is also very important which includes the escorts' salaries and the maintenance cost of wheelchairs. One of the biggest costs is the cost of holding a plane if someone must wait for an escort and becomes late for their flight.
To solve the problem, we set up a queuing model of multi-server system to offer optimal wps which minimizes the cost and offers service of high quality.
Queuing Model of Multi-server System
Queuing theory. Queuing theory is familiar to us. Due to the randomness of the customers' arrival and service time, queuing phenomenon is almost inevitable. Service system design often considers the balance between the service cost and expected customer waiting costs in the system. In general, the service cost is increasing function of the service level. The improvement of the service level will reduce customer's waiting costs, but it often increases the cost of service. Optimization goal is to make both the total cost minimum, corresponding to the most proper number of the service system.
Analysis of Multi-server System. In our model, those who need wps are "customers" and the escort who has a wheelchair is a "service system". The queuing system is of single line multi-server system [2] . According to the queuing theory, the model is E 2 /M/c/∞/∞.
(1). Arrival process obeys the Erlang-2 distribution. The probability density function of Erlang-2 distribution is: 
Where μ is the average time of customers' arrival, k is the number of stage [3] . It can be interpreted as customers must pass a barrier which constitute of k layers to get the window to line up. The time of passing each layer obeys negative exponential distribution with parameters μk.
In our model, k is 2. There are two layers of barrier in the way to the window of line. In the first layer, because the percentage of people who need wps is a fixed value q. Once the passenger reaches the terminal, there is a judgment of binomial distribution on whether he needs service. According to the law of large numbers, there are lots of people arriving at the airport in a day, so binomial distribution can be approximately the Poisson distribution. We use backstage to define the first layer.
The second layer is the process of picking the customers for escorts. Once the customer reaches the terminal, the airport controller can know his position at once and issue a directive to the escort who can help the customers in the shortest time by radio. The escorts in the airport distribute uniformly in time and space. The probability on whether there is an escort can offer help in the corresponding time is equal. So the layer obeys the Poisson distribution like the first one. The Erlang-2 distribution is two identical superposition of Poisson distribution. So the arrival process obeys Erlang-2 distribution.
(2). Service process obeys the Poisson distribution. Negative exponential distribution is the same with Poisson distribution but in different expression form. The probability density function of negative exponential distribution is:
Where μ is the average time of service time. The whole process begins when the customer accepts wps and stops when he is delivered to the aircraft by the escort.
(3). Queuing rule is that first come first service with the system capacity infinite. Under normal circumstances, the capacity of the airport and the number of customer source is approximately infinite. To demonstrate the whole process better, we have figure 1. In figure 1 , λ=1/μ where λ is the number of customers in unit time. We use c to define the size of service system.
Figure 1 the normal queuing process
The λ is equal in the first two steps, because if the λ is not equal it will cause congestion and idleness in different step which is extremely adverse for airport operation.
Optimal number of service system. We can get the probability density function of input process system ( ) Therefore, from equation (3)(4), we have μ=1/β and λ=α/2 where λ is the average arrival rate and μ is the average service time per person. We use ρ to define the system service intensity: ρ=λ/cμ. The probability of system idle is
The average number of customers in the queue is z C c C L = ⋅ + ⋅ (9) Where C s is the total cost of each wheelchair and its corresponding escort in unit time, C w is the cost of the customers' waiting time. We can know C w , C s by querying the relative airline data. Because C w , C s are known, z is the function of z(c). So we find the optimal c* to make z(c*) minimum. According to the characteristic of z(c*) which is the minimum, we use marginal analysis and get
Putting (9) into (10), we have
Then we respectively calculate the value of L in c=1,2,3,…,and calculate the difference of adjacent L. Because, C s / C w is a constant, we can get the optimal number of service system c* by judging which interval C s / C w belongs.
Numerical Results in O'Hare. Chicago O'Hare International Airport(O'Hare) is an international airport located on the Far Northwest Side of Chicago [4] . It is the world's busiest airport in number of takeoffs and landings. According to the data we collected, we have λ=104.5, μ=1, C w =3.4 per minute. Because the lack of data, we make some assumptions in the process which is acceptable. But the airline can find the data easily. We assume the salary of escort is 3000 dollars per month(i.e.100 dollars per day). The wheelchair can work for 24 hours but the man can't. We assume three escorts take turn to work in 24 hours so the cost is 300 dollars per day(i.e.0.21 dollar per minute). The wear cost of each wheelchair is 80 dollars per year(i.e. 0.00015 per minute), which is too small that can be ignored. So we have C s /C w =0.0617. According to (11), we respectively calculate the value of L in c=90,91,... 
Summary
In our paper, we build the optimal queuing model of multi-server system to minimize the cost on the wheelchair service. We consider the impact of time on the demand of service regardless of the shape of the airport. Therefore, the model can be applied to airports of different shapes and sizes. With the increasing of aging population, the need of the wheelchair service is also increasing, we just need to improve the proportion of the customers in the passengers then we can predict increment of wheelchair and corresponding escort and the cost of the airport in the future.
